Fructosyl-amino acid oxidase (FAOD)-reactive fraction (FRY) was found in commercial yeast extract. FRY showed very hydrophilic property and was adsorbed to phenylboronate silica gel, indicating that it contained the Amadori compound. TLC and amino acid analyses revealed that glucosone, lysine, and arginine were produced from FRY after incubation with FAOD. TOF-MS analysis confirmed that FRY is a mixture of fructosyl lysine and fructosyl arginine. These compounds were also detected in mycelial extract of an FAOD-producer, Aspergillus terreus GP1, grown on the minimum medium, suggesting that a glycation reaction occurs in fungal cells and that FAOD acts toward the resultant Amadori compounds.
Amadori products such as fructosyl-amino acids are formed by a nonenzymatic glycosylation (glycation) reaction, in which biological amines (e.g., free amino acids, amino acid residues of proteins, and amino groups of nucleic acids) react with reducing sugars, at an early stage of the Maillard reaction.
1) The glycation reactions also occur in the living body, and the glycation of blood proteins, such as hemoglobin and albumin, has been known to be enhanced in diabetic patients whose blood glucose level is high. 2, 3) Amadori products in long-lived protein, such as collagen and lens crystalline, repeat dehydration and condensation to form fluorophores called advanced glycation end products (AGEs). 1) Fructosyl-amino acid oxidase (FAOD) catalyzes the oxidative deglycation of fructosyl-amino acids, which are the model compounds for glycated proteins, yielding corresponding amino acids, glucosone, and H 2 O 2 . [4] [5] [6] [7] [8] We have reported on the purification and characterization of several FAODs from fungi in detail and have reported the application of FAOD for clinical diagnosis of diabetes mellitus. 9) We have used synthetic N " -fructosyl N -Z-lysine ("-Fru-Lys) and fructosyl valine (Fru-Val) as model compounds for glycated albumin and hemoglobin respectively, based on their structures of specific glycation sites. FAOD is a kind of amine oxidase but did not act toward any other in vivo amine or amino acid we tested, and its physiological role is unknown. Since FAOD-producing fungi were screened from soil using fructosyl-amino acid as a nitrogen source, 6) it might be thought that FAOD in fungi serves the utilization of nonenzymatically produced Amadori compounds in the soil. But the enzyme is widely distributed in fungi 8) and is located in peroxisomes in the cell, 10) so we concluded that there is another important physiological role for FAOD in fungi.
In this study, we found FAOD activity toward commercial preparation of yeast extract and isolated the FAOD-reactive fraction from yeast extract (FRY) to be used in elucidation of the physiological role of FAOD.
FAOD from Aspergillus terreus strain GP1 showed oxidative activity toward various fructosyl-amino acids, but did not act toward methyl-or acetyl-L-lysines ( Table 1 ), indicating that ''fructosyl'' moiety is important when these compounds are used as the substrate of FAOD, and is the structural feature of Amadori compounds. FAOD also had oxidative activity, which produced H 2 O 2 as a by-product, toward high concen- Communication trations of yeast extract but not toward casamino acids. It was suggested that yeast extract contains Amadori compound, which can be the substrate for FAOD. Hence, we tried to isolate the FAOD-reactive compound from yeast extract.
The fractions containing FRY were detected by enzyme activity using the recombinant FAOD of A. terreus strain GP1 expressed in Escherichia coli.
9)
FRY was purified from yeast extract as follows: Yeast extract (0.5 g; Difco, Nippon Becton Dickinson, Tokyo) in 5 ml of 0.1% trifluoroacetic acid (TFA) were applied on a BOND ELUT C 18 column (Varian, Palo Alto, CA) and washed with 40 ml of 0.1% TFA. FRY fractions were combined, lyophilized, and dissolved in 5 ml of 5% NH 4 HCO 3 . The solution was put on a BOND ELUT PBA column (1 ml; Varian) equilibrated with 5% NH 4 HCO 3 . The column was washed with 3 ml of distilled water and FRY fractions were eluted with 3 ml of 0.1 M acetic acid, and lyophilized. As a result, 1.3 mg of FRY was obtained from 0.5 g of yeast extract.
Purified FRY and its reaction products with FAOD were put on a RP-18 TLC plate (Merck, Tokyo, Japan) and developed with n-butanol-acetic acid-water (4:1:5, by volume). Purified FRY was detected on TLC by ninhydrin (purple spot) and anisaldehyde (brown spot) detection, suggesting that FRY consists of sugars and amines, including amino acids (Fig. 1) . One of the FAOD substrates, Fru-Val, showed the same characteristics on TLC. When Fru-Val was incubated with purified FAOD, green (glucosone) and purple (valine) spots were observed with anisaldehyde and ninhydrin respectively. When purified FRY was incubated with FAOD, a purple spot was detected with ninhydrin at the same migration as those of glucosone and the intact FRY. Amino acid analysis indicated that the amino acids in the FAOD reaction products from FRY were lysine and arginine (data not shown). Because lysine and arginine have additional amino groups in their side chains, the glycation sites of these amino acids should be one or more for each. MALDI-TOF MS spectra of FRY were measured with a Voyager-DE PRO (Applied Biosystems Japan, Tokyo) using -cyano-4-hydroxycinnamic acid as a matrix. As shown in Fig. 2 , TOF-MS spectra of FRY showed m=z 309 and 337, indicating that FRY consists of two Amadori compounds derived from lysine and arginine, and providing the FRY structure in which one molecule of glucose attaches to one of the amino groups of each amino acid, followed by Amadori rearrangement. Furthermore, L-amino acid oxidase from Crotalus verom (Sigma-Aldrich Japan, Tokyo) showed similar reactivity toward purified FRY to the same amount of lysine. These data suggest that the glycation sites of FRY were the "-amino group in lysine and the guanidino group in arginine.
It is likely that Amadori compounds are produced artificially in the commercial preparation of yeast extract. To elucidate whether a FRY-like compound is found in vivo, we tried to isolate the compound in the mycelia of an FAOD-producing fungus grown on the minimum medium (0.3% NaNO 3 , 0.1% K 2 HPO 4 , 0.05% MgSO 4 . 7H 2 O, 0.05% KCl, and 3% glucose, pH 5.5).
As shown in Table 2 , FAOD activity in A. terreus strain GP1 mycelia was induced when the fungus was cultivated on the minimum medium with glucose and lysine added before autoclaving, as reported for FAOD production of another fungus.
11) Amadori compounds formed from glucose and lysine during autoclaving were assumed to induce the enzyme. But appreciable activities were observed when the fungus was cultivated on the minimum medium or the lysine-containing medium with glucose added after autoclaving. We isolated FRYlike compounds from strain GP1 mycelia grown on the Purified FRY was subjected to MALDI-TOF MS using -cyano-4-hydroxycinnamic acid as a matrix.
Fungal Fructosyl-Amino Acid Oxidase-Reactive Compoundsminimum medium in the same way as for FRY, as follows. The mycelia were collected by filtration and disrupted with glass beads in a Bead-Beater (Biospec Products, Bartlesville, OK). The homogenates were ultracentrifuged at 200;000 Â g for 20 min and then lyophilized. The lyophilized sample was dissolved in 5 ml of 0.1% TFA and used to isolate Amadori compounds, as described above. As a result, a small amount of the compound for which FAOD had activity was isolated and the FAOD activity in the mycelia increased with growth (Table 3) . Since the minimum medium did not contain any amino acids or protein digests and the Amadori compound was not detected in the culture filtrate with or without inoculation of the fungus, FRY was probably produced in the mycelia during cultivation. Furthermore, the compound showed the same TOF-MS spectrum, strongly suggesting that it had the same structure as FRY, a mixture of fructosyl lysine and fructosyl arginine.
The structure of FRY has important implications for in vivo study of FAOD. It has been found that the most favorable site for glycation in protein molecules is the "-amino group of lysine residue both in vivo and in vitro. For example, in human serum albumin, the principal site of glycation is Lys525, although glycation in vivo occurs at Lys199, 281, 439, and 525 as well as at some other lysine residues. 12, 13) It is also known that arginine residues in proteins suffer from glycation. Pentosidine, which is known as one of the AGEs in human collagen, 14) is produced by cross-linking of reducing sugars with lysine and arginine residues in collagen. Such cross-linking of proteins causes dysfunction of the proteins, followed by diabetic complications and aging. In this study, we found that the glycation reaction might occur in fungal cells. Since only fructosyl lysine and fructosyl arginine were isolated using PBA-silica gel, it is possible that these compounds are derived from glycated proteins and the FAOD function for recycling of aged amino acids. a L-Lysine and yeast extract were added to the minimum medium to a concentration of 1%. b T, glucose was added to the medium before autoclaving; S, filter-sterilized glucose was added to the medium after autoclaving of the medium. 
